Taiwan has performed well economically during the past four decades. However, economic development can be profoundly hampered by natural disasters. Sustainable economic development requires environmental resilience. With 23 million people occupying only 13,974 square miles of land, Taiwan is both densely populated and highly exposed to natural disasters: 73.1% of the total population lives in vulnerable areas, and Taiwan is ranked as the country most exposed to multiple hazards (The World Bank, 2005). Storms and floods damage Taiwan frequently, with an average of six typhoons hitting Taiwan annually for the past four decades. Taiwan had the highest occurrence and highest death toll on the natural disaster density indicator (NDDI) in comparison with China, Japan, U.S.A, U.K., France, and the Netherlands from 1985 to 2014. Also, Taiwan's economic losses during the past thirty years are estimated at $650, 000 per km². This is approximately 5 times that of the Netherlands' $134,362 and the U.K.'s $135,292, 8 times that of the U.S.A.'s $78,186 losses, and 9 times that of France's $70,599. Research finds that every dollar invested into disaster preparedness would save $4 to $7 dollars in post-disaster damages (Multihazard Mitigation Council, 2005; The National Academy of Sciences, 2012). Hence, promoting urban resilience policies for disaster risk reduction should become a priority in Taiwan and other Asian nations in the future. Most important is the need of a strong political commitment and leadership to initiate and implement spatial policies toward resilience.
Introduction
Asian nations have inadequate risk and vulnerability information, weak transition from policies and legislation into actions, insufficient budget allocations for disaster risk reduction, and insufficient implementation capacities (UNISDR 2013) . Asia is the highest loss region, accounting for 70% of the world's losses in 2011. Additionally, the insured losses in Asia account for only 17% of its losses in comparison with America's 51% (Munich RE 2012) . Taiwan, is an Asian country with successful economic development (Note 1), but is also an environmentally vulnerable country. Major natural disasters include cyclones, typhoons, floods, earthquakes, and landslides. Taiwan was hit with 3.6 typhoons each year from 1898 to 2010, resulting in annual economic losses of $667 million (NAPHM 2011) . The economic losses are expected to increase accordingly because the typhoons have doubled since the 1970s. According to the World Bank (2005), Taiwan, ranked as the country most exposed to multiple hazards, has 73.1% of its population, or 16.8 million people exposed and living in vulnerable areas. On the World Bank's list of the top 10 countries exposed to multiple hazards, Taiwan has double the percentage of its population exposed to natural disasters as does the Philippines with 36.4%; approximately 5 times that of Japan's 15.3%; and 15 times that of Vietnam's 5.1%. This paper first studies natural disasters in Asia, explaining the context of natural disasters in general in Asia. Second, this research analyzes internationally reported disaster database from the EM-DAT (Note 2) to create a natural disaster density indicator (NDDI) to conduct a comparative study among seven countries from 1985 to 2014, including Taiwan, Japan, China, U.S.A., U.K., France, and the Netherlands. The international comparison will help to understand Taiwan's damages from natural disasters.
Natural Disasters in Asian Countries
Storms, floods, and earthquakes are the three major natural disasters in Asia. Asian countries have suffered from natural disasters for the past century. From the EM-DAT's database from 1900 to 2014, the results indicate that the Philippines, India, China, and Indonesia are the countries with the most frequent disasters (see Table 1 ). China has the largest death toll, with 6.6 million people dying from floods (see Table 2 ). Each catastrophic event could possibly cause more than a thousand deaths. For instance, the China Floods of 1931 was estimated to have caused up to 3.7 million deaths. Peduzzi et al. (2009) also discover that "least developed countries represent 11% of the population exposed to hazards but account for 53% of casualties. On the other hand, the most developed countries represent 15% of human exposure to hazards, but account for only 1.8% of all victims". In the Philippines and Vietnam, more than 40% of the urban poor population live in informal settlements with the highest flood risk (The World Bank, 2013) . Also, Thailand's car manufacturing plants were located on floodplains. Flooding caused serious damage to the car industry's global supply chains in 2011, and GDP in Thailand fell by 9% in the last three months of 2011 compared with the same quarter in 2010 (Wahlström, 2015) . In Japan, a developed country, natural disasters did not cause as many deaths as in China, India, Philippines or Bangladesh. However, Japan is the country with the greatest amount of economic loss and damage from natural disasters, especially due to earthquakes (see Table 3 ). Wahlström (2015) indicates GDP declined in Japan in 2011 after the Great East Japan Earthquake and Tsunami, which generated direct losses of over $200 billion. Hence, Asian countries have suffered greatly from natural disasters during the past century. Natural disaster statistics in Asian also indicate that disasters have increased dramatically since the 1980s, particularly floods. (2012), there were overall world losses of $380 billion in 2011, 70% of all losses were in Asia. However, the insured losses accounted for only 17% in comparison with America's 51% of losses being insured. In European countries, a significant proportion of economic losses are insured. For example, in the July 2013 hailstorms in Germany and France, an estimated $3.8 billion of the total losses of $4.8 billion were insured, almost 80% (Swiss Re, 2014; United Nations, 2015) . In Asian countries, the high exposure to natural disasters and extreme damage as well as being less prepared and having less insured property has made it more vulnerable.
Taiwan Vulnerability Analysis
Taiwan has been successful with economic development between the early 1960s and 1990s with a high annual GDP growth rate in excess of 6% sustained over a 30-year period (Sarel, 1996; IMF, 1997) . In 2010 Taiwan still had a double-digit annual GDP growth rate. The GDP per capita has been increasing from $432 in 1970 to $21,141 in 2013 according to the International Monetary Fund, and is expected to target above $30,000 in 2016. According to Taiwan's Central Bank, as of September 2014, the foreign exchange reserve was $420.7 billion, making Taiwan the 7 th in the world in reserves capacity. In addition, Taiwan ranks 14 th in the Global Competitiveness Report released in 2014 by the Geneva-based World Economic Forum. Therefore, Taiwan has performed well economically with its effective economic planning and policy during the past four decades. However, economic development can be profoundly hampered by natural disasters. Examples around the world have proven this. Hurricane Sandy devastated the Northeast region of U.S.A. in 2012 (Note 3). The direct economic losses were estimated at between $78 and $97 billion. This storm event damaged 3% of total GDP in the Northeast region of U.S.A. (Regional Plan Association; The World Bank; Kunz et al., 2013) . Hence, sustainable economic development requires environmental resilience.
Taiwan is an environmentally vulnerable Asian nation. Taiwan ranked as the country most exposed to multiple hazards with 73.1% of the population or 16.8 million exposed to and living in vulnerable areas (The World Bank, 2005) . Taiwan is at the top of the World Bank's 10 countries most exposed to multiple hazards. Taiwan has double the percentage of its population exposed to natural disasters compared to the Philippines' 36.4%; about 5 times that of Japan' s 15.3%; and 15 times that of Vietnam's 5.1% (see Figure 1) . Taiwan is exposed to cyclones, typhoons, floods, earthquakes, and landslides. According to the Taiwan Central Weather, an average of 3.6 typhoons have hit Taiwan every year from 1898 to 2010. This has resulted in $667 million of economic losses annually (NAPHM, 2011) . However, typhoons have increased since the 1970s. On average 6 typhoons have hit Taiwan every year from 1975 to 2014. The economic losses are expected to increase by double, reaching at least $1 billion. Also, the number of earthquakes being felt annually is approximately 500 (Taiwan's Central Weather Bureau). Typhoons, floods and earthquakes impact Taiwan profoundly. 
A Comparative Study in Taiwan and Six Other Countries in Asia, North America and Europe
This study compares natural disasters in Taiwan to other counties in Asia, North America and Europe, including Japan, China, U.S.A., U.K., France, and the Netherlands. These countries are chosen because all of them have a large population, high economic growth, and frequent occurrence of natural disasters. In order to analyze Taiwan's vulnerability and damages from natural disasters, this research creates the natural disaster density indicator (NDDI) based on the EM-DAT dataset to conduct a comparative study among seven countries from 1985 to 2014, including Taiwan, Japan, China, U.S.A., U.K., France, and the Netherlands. The NDDI model explains Taiwan's vulnerability and actual damages from natural disasters in comparison with six other countries.
Method
Disaster risk index models have been developed by the United Nations and the U.S.A. In the United Nations' disaster risk index (DRI) model and U.S.A.'s existing models, identifying a country's disaster risk primarily focuses on these key factors: hazard frequency, exposure of population, vulnerability, and consequences. In the United Nations' DRI model, hazard frequency, exposure, vulnerability and risk are the major components (risk=hazard frequency*expected population exposed*vulnerability). However, some variables are not easily calculated. For example, the variable of vulnerability is based on socio-political-economical context of a country, it is a non-dimensional number between 0-1 (Peduzzi, 2009 ). Thus, identifying human vulnerability is a problem in the DRI model. Other models used to evaluate risk and resilience have been promoted in the U.S.A. in the twenty-first century, including: Coastal Resilience Index (CRI), Argonne National Laboratory Resilience Index (ANLRI), Social Vulnerability Index (SVI), Baseline Resilience Indicator for Communities (BRIC), Community Disaster Resilience Index (CDRI). The CRI model is a community-based or bottom-up approach to developing an index of low, medium, and high resilience ratings to storm events through self-assessment and a questionnaire survey. However, the CRI model relies heavily on the communities' subjective opinions and evaluations. The ANLRI model is a top-down and hierarchical approach by experts to collect data of critical infrastructures, do interviews, and justify weights to create a resilience index that ranges from 0 (lowest resilience) to 100 (highest resilience). Nonetheless, how to determine adequate weights is an issue. The SVI model attempts to measure the susceptibility of a population to harm from a natural disaster, and examines the characteristics that influence their resilience. This model concentrates on measuring the inequalities and varieties of socio-economic status in disaster impacts. The BRIC model attempts to measure community resilience based on social, economic, institutional, infrastructural, ecological, and community components. To evaluate community resilience, the CDRI model uses four phases of a disaster management cycle (preparedness, response, recover, and mitigation) and the combination of these with a community's five capital assets (social, economic, physical, human, and natural resources) (The National Academy of Sciences, 2012). Both the BRIC and CDRI models need comprehensive datasets to evaluate resilience. They are both costly and time-consuming in data collection and analysis. This research's NDDI model is a simplified and appropriate model based on the historic analysis of natural disaster damages in different countries. The NDDI model helps to identify a country's vulnerability and damage. The NDDI model is suitable to do international comparison. This study compares natural disasters in Taiwan to other counties in Asia, North America and Europe, including Japan, China, U.S.A., U.K., France, and the Netherlands. These countries are chosen because all of them have a large population, high economic growth, and frequent occurrence of natural disasters. The reported damages from the EM-DAT can be lower than reports from other organizations. For example, the United Nations report, The Global Assessment Report on Disaster Risk Reduction (2015) , indicates that in 2012, EM-DAT reported economic losses of $157 billion, an estimate that is lower than those published by Swiss Re ($186 billion), Munich Re ($160 billion) and Aon ($200 billion). Nonetheless, the EM-DAT database has been adopted worldwide by international organizations, including the UNISDR.
Results
This research's results of country comparisons indicate that China and U.S.A. both had the highest number of natural disasters, with more than 20 disasters each year. The death toll of 4,934 persons each year in China is about 15 times that of U.S.A.'s 349 persons per year. The natural disaster occurrence of 108 in France is only one-fifth that of U.S.A.'s 677, but the French death toll of 21,563 persons is about 1.5 times that of U.S.A.'s 10,476 persons. In summary, China had the highest occurrence rate and death toll; the U.S.A. and Japan had the highest occurrence rate but a lower death toll; France had a lower occurrence rate but higher death toll; U.K. had the lowest occurrence rate and lowest death toll (see Table 4 ). 20,457,390 422,299,400 409,943,750 715,208,660 32,731,180 38,657,200 4,530,700 Note. Original data collected from the EM-DAT and calculated by the author.
Different countries have different amounts of territory and population sizes. There is no surprise that the raw number killed by disasters in China, India, or U.S.A. would be on the top of the list. On the contrary, if the comparison of the percentage of population killed by disasters is used, then the small islands and less populated countries will always be ranked first (Peduzzi, 2009) . Hence, in order to enable relevant comparisons among different countries, this research's NDDI model adjusts historic raw data to produce an adequate comparative study.
The NDDI model attempts to analyze the disaster damage per square kilometer among different countries.
The results of the NDDI model indicate that Taiwan had the highest number both in occurrence rate and death toll among the seven examined countries in the past three decades (see Figure 2 and 3) . The occurrence rate of the NDDI model during the past three decades in Taiwan is 0.002 per km² or 2 natural disasters within 1,000 km² land area. This is 5 times that of Japan's 0.0004, and 10 times that of France's 0.0002. The death toll of the NDDI model during the past three decades in Taiwan is 0.1 per km² or 100 deaths within 1,000 km² land area. This is 100 times that of U.S.A.'s 0.001, and is 10 times that of China's 0.01. China has the highest affected population density, 362 people affected per km² in 1985-2014. This is 3.5 times that of Taiwan's 104 affected people per km²; 36 times that of Japan's 10 affected people km²; and 100 times that of the UK and U.S.A.'s 3 affected people per km² (see Figure 4 ). In terms of economic loss from natural disasters, Japan has the highest density of economic losses in the NDDI model, $1.158 million losses per km² in 1985-2014 (see Figure 5 ). Taiwan's $0.65 million losses is about half of that in Japan. However, Taiwan's is 15 times that of China's $43,950 losses; 9 times that of France's $70,599; and 8 times that of U.S.A.'s $78,186 losses. In summary, in the NDDI model, China has the highest amount of affected people; Japan has the highest economic losses; Taiwan has the most frequent natural disasters and highest death toll. In Europe, the Netherlands has the most frequent natural disasters, highest death toll, and largest number of affected people, but the highest density of economic losses is in the U.K., presented in Table 5 . 
Concluding Remarks
Asian countries have suffered from natural disasters for the past century. Asian nations in particular have experienced significant damage, accounting for approximately 70% of all disaster-related economic losses worldwide in 2011 (Munich RE, 2012 
